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[Title of the Invention] METHOD f‘OR PRODUCING LIQUID
CRYSTAL DISPLAY PANEL

[Abstract]

{Object] A method for producing a liquid crystal display
panel that can display uniformly on the whole surface of
panel by controlling the position of spacers and inserting
gaps on panel, is provided.

[Solving Means] The method for producing a liquid crystal
display panel is comprised of the steps: forming (1) a non-
hardening resin portion that can sustain a gap as a spacer
after Jjoining a plate by light exposure onto a carrier
having a photosensitive resin layer and (2) another
hardening resin; transferring the non-hardening resin
portion on photosensitive resin layer toward copying
material; re-transferring the non-hardening resin portion on
the copying material to one side of the plate; solidifying
the non-hardening resin portion by light exposure on one
side of the pléte to make spacer 6a in the specific mode;
and joining one side of plate la having spacer 6a with other
side of plate 1b to make a liquid crystal cell and filling
liquid crystal 5 into the cell. |
[Claims]

[Claim 1] A method for producing a liquid crystal display

panel, in which the liquid crystal is filled in between one
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pair of plates by the steps comprising:

forming (1) a non-hardening resin portion that can.
sustain a gap as a spacer after joining a plate by light
exposure onto a carrier having a photosensitive resin layer
and (2) another hardening resin;

transferring the non-hardening resin portion on
photosensitive resin layer toward copying material;

re-transferring the non-hardening resin portion on the
copying material to one side of the plate;

solidifying the non-hardening resin portion by light
exposure on one side of the plate to make a spacer in the
specific mode; and

joining one side of the plate having a spacer with
other side of the plate to make a liquid crystal cell and
filling liquid crystal in the cell.

(Claim 2] A method for producing a ligquid crystal display
panel, in which the liquid crystal is filled iﬁ between one
vpair of plates by the steps comprising:

forming (1) a non—hardening resin portion that can
sustain a gap as a spacer after Jjoining a plate by light
exposure onto a carrier having a photosensitive resin layer
and (2) another hardening resin;

transferring the non-hardening resin portion on
photosensitive resin layer toward copying material;

re-transferring the non-hardening resin portion on the
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copying material to one side of the-plate;

solidifying the non-hardening resin portion by 1light
exposure on one side of the plate to make a spacer in the
specific mode; and

dropping liquid crystal in a predetermined amount onto
any one of the plates and joining the plate in a pair under
a reduced pressure.

[Claim 3] The method for producing a 1liquid crystal
display panel according to claim 1 or claim 2, in which the
resin layer transferred is a black-colored photosensitive
resin layer.

[Claim 4] The method for producing a 1liquid crystal
display panel according to ahy one of claim 1 ~ claim 3, in
thch a roller is used for copying material.

[Claim 5] The method for producing a liquid crystal
display panel according to any one of claim 1 ~ claim 4, in
which the resin layer re-transferred is formed in between
screen elements of theAliquid crystal display panel.

[Claim 6] The method for producing a liquid crystal
display panel according to any one of claim 1 ~ claim 5, in
which the re-transferring step is performed on the 1light
shield layer in one side of the plate.

[Detailed Description of the Invention]
[0001]

[Technical Field of the Invention]
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The present invention relates to a method for producing
a liquid crystal display panel, in which the liquid crystal
is filled in between one pair of plates.

[{0002]

[Description of the Related Art]

Recently, the performance of liquid crystal 'display
A panel is improved and the product cost is reduced to expand
notebook and other PC markets remarkably. The liquid crystal
display panel adopted for notebook PCs is classified
according to an operation mode to two kinds including
twisted nematic (hereinafter, referred to as “TFT-TN”) that
switches by thin film transistor (hereinafter, referred to
as “TFT”) and super-twisted nematic (hereinafter, referred
to as ™“STN”). Nowadays, TFT-TN mode becomes a major trend
for the liquid crystal display panel.

[0003]

Fig. 6 and Fig. 7 illustrate conventional 1liquid
crystal display panels in TFT-TN mode. the first plate 1la
having Indium - tin oxide (hereinafter, referred to as “ITO")
electrode 1 and orientation membrane 4a and the second plate
1b having screen element electrode 3 and orientation 4b are
joined through spacer 12 with sealing material and then
liquid crystal 5 is filled between both the plates to make a
liquid crystal «cell. Polarization plate 7a and 7b are

installed in the outer surface of liquid crystal cell.
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[0004]

In the first plate la, light shield layer 11 is formed
in a matrix to block 1light and in the second plate 1b
covering an indicated portion by the light shield layer 11,
switching element TFT 8 1is installed onto screen element
electrode 3. The 1liquid crystal display panel constituted
above 1is wused widely since it attains the good quality
equivalent to Braun tube.

[0005]

A[Problems to be Solved by the Invention]

However, the liquid crystal display panel is
problematic that brightness spots are liable to appear and
further whole screen is seldom displayed uniformly, although
it 1s outstanding in the screen quality. As a factor
reducing the brightness, the deviation in the panel gap
(namely, thickness of liquid crystal layer), the deviation
in pre-tilt angles of 1liquid crysﬁal molecule on the
interfacial surface of orientation membrane 4a and 4b, thev
variation of potentials on the liquid crystal layer or the
like have been described. In practice, the deviation in the
panel gap often causes the brightness spot.

{0006]

This deviation of liquid crystal display panel is
generated by the radius deviation of spacer 12 that supports

the interval between a pair of plate constituting the panel,
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or the density deviation of spacer 12 scatted on the plate.
The spacer 12 can be scattered by the humid spraying method,
in which the mixture scattering spacer particles in a
necessary amount to solvent is sprayed onto the plate in a
mist state; by the dry spraying method, in which gaseous
current flows onto the plate loading spacer 12 to spray
spacer 12 particles in Pm’s of radius; or the like.

[0007]

'Unfortunately, in the method for scattering spacer 12
as described above, the gap unbalance may be caused since it
is difficult to adjust the number of spacer 12 particles per
unit square under *20% of the standard value. Besides, since
about 1 pPm of projection is often formed on the plate
surface made of TFT 8, the gap can be partially varied by
the presence and absence of spacer 13 in the projected
portion.

[0008]

As disclosed above, it 1is disédvantageous that each
spacer 12 particle may not be controlled to fall onto a
specific position in a conventional method for scattering
spacer 12 and further, it is difficult to scatter spacer
uniformly onto ail the portion due to the unevenness of
surface and to adjust the number of particles per unit
square constantly. Therefore, the resin patterned 1is

recommended as a spacer to be used directly on the plates
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orientation—treated.

[0009]

In detail, photosensitive resin 1is coated onto the
first plate 1la orientation-treated to form a resin layer
that 1is patterned by the photo-lithographic method as
observed in 1light shield 1layer 11. The resin layer 1is
applicable for a spacer. However, it is problematic that the
resin layer <contaminates or coarsens the surface of
orientation membrane while exposing to light or developing,
and spoils the orientation to generate display spots on the
liquid crystal display panel, since it is formed directly
onto the plate as described above. Further, the
photolithographic method takes a long time to perform the
processing and is not effective in the productivity.

(0010}

In order to settle above-mentioned problems, the object
.0of the present invention is to provide a method for
producing a liquid crystal display panel that can display
uniformly on the whole surface of panel by controlling the
position of spacers and distributing gaps on the panel
homogeneously.

[0011]

[Meéns for Solving the Problems]
The method for producing a liquid crystal display panel

of the present invention has a feature to control the shape
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and position of spacer and to make the cell gap uniform by a
specialized process. Accordingly, the liquid crystal display
panel that can display uniformly on the whole surface of
panel without brightness speck.

[0012]

(Operation]

As described in Claim 1, the method for producing a
liquid crystal display panel of the present invention has a
feature to accomplished by the following steps: forming (1)
a non-hardening resin portion that can sustain a gap as a
spacer after joining a plate by 1light exposure onto a
carrier having a photosensitive resin layer and (2) another
hardening resin; transferring the non-hardening resin
portion on photosensitive <resin layer ‘toward copying
material; re-transferring the non-hardening resin portion on
the copying material to one side-of the plate; solidifying
the non-hardening resin portion by light exposure on one
side of the plate to make a spacer in the specific mode; and
joining one side of the plate having a spacer with other
side of the plate to make a liquid crystal cell and filling
liquid crystal into the cell

[0013]

In a preferred embodiment of the present invention, the
resin layer patterned previously by the copying process is

used for a spacer, which can control the exact position of
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spacers according to the uneven portion on the plate ‘of
liquid crystal display panel as well as make the cell gap
Auniformly. As described in Claim 2, the method for producing
a liquid crystal display panel has a feature to accomplished
by the following steps: forming (1) a non-hardening resin
portion that can sustain a gap as a spacer after joining a
plate by light exposure onto a carrier having a
photosensitive resin layer and (2) another hardening resin;
transferring the non-hardening resin portion on
photosensitive resin layer toward copying material; re-
transferring the non-hardening resin portion on the copying
material to one side of the plate; solidifying the non-
hardening resin portion by light exposure on one side of the
plate to make a spacer in the specific mode; and dropping
liquid crystal in a predetermined amount onto any one of the
plates and joining the plate in a pair under a reduced
pressure.

[0014]

In the present embodiment of the invention, liquid
crystal can be injected into the cell for a short time. As
described in Claim 3, the method for producing a 1liquid
crystal display panel according to claim 1 or claim 2 has a
feature to have black-colored photosensitive resin layer
after transferred. In the present embodiment of the

invention, the spacer can become a light shield layer when
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black-colored material is adopted for. a spacer to block
light efficiently.

[0015]

As described in Claim 4, the method for préducing a
liquid crystal display panel according to any one of claim 1
~ claim 3, has a feature to utilize a roller for copying
material. As described in Claim 5, the method for producing
a liquid crystal display panel according to any one of claim
1 ~ claim 4, has a feature to form the resin layer re-
transferred in between screen elements of 1liquid crystal
display panel.

[0016]

In the present embodiment of the invention, the
contrast and the transparency of the panel can be improved
since light leakage, light block or the like disappear. As
described in Claim 6, the method for producing a liquid
crystal display panel according to any one of claim 1 ~
claim 5, has a feature to perform the re-transferring step
on the 1light shield 1layer in one side of the plate.
Hereinafter, the present invention will be further
illustrated with reference to the attached drawings, Fig. 1
~ Fig. 5 in the following Examples.

[0017]

The same numerals are designated as depicted in Fig. 6

and Fig. 7 illustrating conventional embodiments
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(Embodiment 1)

Fig. 1 and Fig. .2‘ illustrate Embodiment 1 of the
present invention. In Embodiment 1, the basal constitution
is almost the same with <conventional embodiments as
illustrated in Fig. 6 and Fig. 7, although the spacer is
constituted peculiarly in order to raise the evenness of
cell gap more highly than common 1liquid crystal display
panels in TFT-TN mode.

[0018]

That is to say, in the conventional embodiment, spacer
12 is used as a particle-shaped spacer to make the cell gap
uniformly by spraying onto the surface of plate, but in
Embodiment 1 of the present invention, patterned resin layer
6a is utilized as a spacer instead of particle-shaped spacer.
The patterned resin layer 6a can be manufactured according
to following steps.

[0019]

Above all, (i) a non-hardening resin portion that is
used as a spacer to sustain the gap in a liquid crystal cell
after joining a plate by exposing light in a specific mode
onto a carrier having a photosensitive resin layer and (2)
another hardening resin are formed. Then, the non-hardening
resin portion on the photosensitive resin layer is
transferred to the plate surface placed on a roller as

copying material and the non-hardening resin portion on the
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plate surface is re-transferred to the first plate la that
is already oriented and constitutes the liquid crystal
display panel.

[0020]

The non-hardening resin portion is hardened by exposing
light on the first plate la to make resin layer 6a as a
spacer in a specific mode. The first ‘plate la having resin
layer 6a as a spacer and the second plate 1lb are arranged in
the opposite position, joined with sealing material 9 to
make a liquid crystal cell and liquid crystal is filled.

[0021]

In the peripheral portion of 1liquid crystal display
panel, an area not overlapped in both the plates is formed
and driver LSI 10 is installed in the area to make a liquid
crystal display apparatus. The 1liquid crystal display
apparatus described above <can control the position and
height of resin layer 6a to make cell gap uniform easily,
because the resin- layer 6a is previously patterned by the
.copying method.

[0022]

Preferably, the resin layer 6a re-transferred is formed
in between picture elements of liquid crystal display panel.
In the present embodiment, the contrast or transparent ratio
of panel is iﬁproved since light slit, 1light block or the

like disappear. Further, the cell gap is made more uniformly
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when the thickness of resin layer 6a is adjusted to that of
liquid crystal layer.

{0023]

Furthermore in Embodiment 1, roller is wused for a
copying material, but any kind of material or device can be
adopted properly if possible to transfer a non-hardening
resin portion and to re-transfer the resin portion
transferred onté a plate comprising a liquid crystal display
panel.

Hereinafter, the present invention will be described
more clearly with reference of the attached drawings as
shown in following Examples.

<Example 1>

ITO electrode 2 not patterned is formed on the surface
of one side of the first glass plate la. Matrix-shaped metal
wire 11 and TFT 8 is equipped on the surface of one side of
the second glass plate 1lb and then, transparent electrode 3
is formed by using ITO thin membrane as shown in Fig. 7
illustrating the conventional embodiment. TFT 8 in each
picture element is constituted to control switches of
picture element electrode 3.

[0024]

The pitch of picture element is adjusted to 600 in 300

gm of row and 2600 in 100 Pm of column direction and the

space between picture element is 15 Pm of both length and
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width. In the first glass plate 1 and the second glass plate
lb formed above, polyimide, a transparent resin OPTOMA
AL1254 (product from JSR Co. Ltd.) is used as orientation
material to coat the surface, heated and dried at 200 °C for
1 hour to prepare orientation membrane 4a in 50 nm thickness
of membrane:-The resulting orientation membrane 4a and 4b is
treated by the conventional rotation rubbing method.

[0025]

Liquid crystal 5 is utilized as nematic liquid crystal
material to fill a liquid crystal cell. The nematic liquid
crystal has a positive refraction ratio and anisotropy (A n)
with 0.98 of Axl value and is a liquid crystal composition
mixing chiral 1liquid crystal to 20 pPpm of spiral pitch. As
described above, resin layer 6a used for a spacer is
prepared.

[0026]

Carrier is prepared to form photosensitive polyimide in
5.1 g m of thickness and irradiated by UV light through mask
opened only at picture element electrode 3 as illustrated in
Fig. 7 to make a non-hardening resin portion and a hardening
resin portion. Some metal roller having 20 cm of radius is
heated to at 50°C, rotated and pushed on the surface of
carrier and only the non-hardening resin portion is
transferred onto the roller.

{0027]
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The non-hardened resin portion transferred onto the
roller is heated to 60°C, rotated on the first plate .la and
pushed and then, photosensitive polyimidelis re-transferred
onto the first plate la. The first plate la is irradiated by
UV light and the non-hardened photosensitive polyimide is
hardened to form resin layer 6a as a spacer.

[0028]

Sealing material 9 is coated onto the circumference of
the first plate la with a dispenser to make a rectangular
shape in 246 mm X 185 mm size. This is a UV-hardened resin-
mixing 1 weight portion of glass bead in 5.1 Ym of radius
and 1is adjusted to 0.5 mm of width after joining both the
blates.

[0029]

Next, liquid crystal 5 is dropped onto the second plate
l1b in a necessary amount and both the plates are joined
under a reduced pressure (100 Pascal) and sealed with UV-
hardened resin. Then, whole panel is placed for 5 hours at
120°C while heating. Finally, polarization plate 7a and 7b
are attached on the outer surface of liquid crystal panel
prepared above to manufacture TFT-TN liquid crystal display
element.

[0030]

Driver LS152 is attached to the liquid crystal display

element prepared above to complete TFT-TN liquid crystal
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display module, conferred by electric signal on this module,
irradiated by expansion 1light to indicate each picture
element and examine display characteristics. The contrast
value is measured to 150 : 1 in the maximum perpendicularly
to the plate surface. Fufther, the display area is observed
in a voltage-authorized state and as a result, the whole
surface 1is displayed wuniformly without brightness spot
caused by gap spots.

{0031]

In Example 1, the 1liquid crystal cell is produced by
the drép injecting method. It is natural that the cell can
be'prepared by the vacuum injecting method in which liquid
crystal is injected under a vacuum condition to the cell
joining a plate forming a resin layer and the other plate.
Preferably, the drop injecting method can be used, since the
vacuum injecting method may require a lot of time period to
inject liquid crystal.

[0032]

(Embodiment 2)

In Embodiment 2, the basal constitution is almost the
same with conventional embodiments as illustrated above in
Embodiment 1, although the first plate la forming 1light
shield layer 11 is utilized. Fig. 3 and Fig. 4 illustrate
Embodiment 1 of the present invention

[0033]
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The preferred embodiment of the present invention will
be described clearly as follows.

<Example 2>'

In the first glass plate la, light shield layer 11 is
formed in a matrix-shape. Polyimide material, a transparent
resin is utilized to make resin layer 6a, a spacer at the
crossing region of 1light shield 1layer 11 as described
Embodiment 1. Also, resin layer 6b is formed thle
patterning by the copying method.

[0034]

At this moment, the thickness overlapping light shield
layer 11 and resin layer 6b is adjusted to the same with the
thickness of liquid crystal layer. The liquid crystal panel
prepared above raises the contrast ratio by 1light shield
layer 11, compared with that of Example 1. Eurther, the cell
gap 1is better since the thickness overlapping light shield
layer 11 and resin layer 6b is the same with the thickness
of liquid crystal layer

[0035]

The present invention will be described clearly in
Comparative Example 1 as follows. The product prepared above
is compared with the product prepared by using a
conventional particle-shaped spacer.

<Comparative Example 1>

The liquid crystal display panel is produced by TFT-TN
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mode as described in Fig. 6 and Eig. 7 illustrating
convention embodiments.

[0036]

The same first plate 1la, the second plate 1b and
orientation membrane 4a and 4b in the shape and the
electrode pattern are utilized as described in Example 1.
Light shield layer 11 is formed by using acryl system,
negative-type, black-colored resistor with 1 pgm of height
around picture element electrode 3 of the first plate 1la,
the second plate 1b (metal wiring portion).

[0037]

Liquid crystal 5 filling a liquid crystal cell is a
liquid crystal composition mixing chiral liquid crystal to
80 Ppm of spiral pitch, but the other procedure is the same
and An value is 0.98 as described Example 1. In the second’
plate 1b, plastic spacer 12 having a 5.1 PYm of radius is
scattered in 100/mm® of density and then, liquid crystal 5
is dropped in a proper amount.

[0038]

After that, as described in Example 1, the first plate
la and the second platé 1b are joined with sealing material

-to make the cell and driver LSI 10 is attached to complete
TFT-TN liquid crystal display module, conferred by electfic
signal on this module and irradiated by expansion light from

the second plate 1b to indicate whole picture element on
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counter tank. As a result, it is observed to appear
brightness spots partially.

[0039]

Furthermore, the dim area on display portion 1is
refracted by microscopy. As a result, it is observed that
spacers exist a lot in a wire portion surrounding picture
elements or transistor portion. Then, the lightest area on
display portion is also observed that spacers does not exist
in a wire portion surrounding picture elements or transistor
and is low in the number wholly.

[0040]

(Embodiment 3)

Fig. 5 illustrates Embodiment 3 of the present
invention. In Embodiment 3, the basal constitution is almost
the same with Embodiment 1 and Embodiment 2, although resin
layer 6c is formed by using black-colored resin instead of
transparent resin forming resin layer 6a and 6b.

(0041]

The preferred embodiment (Embodiment 3) of the present
invention will be described clearly as follows.

<Exampie 3>

In order to make resin layer 6C onto the first plate 1la,
black-colored, spray-type, acrylate system photo-resistor is
used instead of photosensitive polyimide resin

[0042]
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TFT-TN liquid crystal display module is prepared by the
same procedure as described in Examplé 1. Then, electric
signal 1s conferred on this module and expansion light is
irradiated from the second plate 1b to indicate each picture
element and investigate display characteristics. The
contrast wvalue is measured to 250 : 1 in the maximum
perpendicularly to the plate surface and increased, compared
with the value of Example 1.

[0043]

Further, the play area 1is observed in a voltage-
authorized state for counter tank display and as a result,
the screen 1is displayed uniformly without brightness spot
caused by gap spots or orientation ruin.

[0044]

[Effecﬁ of the invention]

As described above, the present invention provides a
method for producing a 1liquid crystal display panel,
comprising the following steps: forming (1) a non-hardening
resin portion that can sustain a gap as a spacer after
joining a plate by light exposure onto a carrier having a
photosensitive resin layer and (2) another hardening resin;
transferring the non-hardening resin portion on
photosensitive resin layer toward copying material; re-
transferring the non-hardening resin portion on the copying

material to one side of the plate; hardening the non-
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hardening resin portion by light exposure on one side of the
‘'plate to make a spacer in the specific mode; and joining one
side of the plate having a spacer with other side of the
plate to make a 1liquid crystal cell while filling liquid
crystal in the cell, in which the height of spacer can -be
adjusted by controlling the thickness of photosensitive
resin layer to make the cell gap uniformly and also the
position of spacer can be controlled exactly by estimating
the evenness of plate in a liquid crystal display panel.

[0045]

In addition, liquid crystal can be injected into the
liquid crystal cell for a short time, since the cell is
produced by the drop injecting process while joining a plate
forming a spacer with the other plate,-which can reduce the
process for preparation efficiently. Besides, the spacer can
applied for 1light shield léyer by using black-colored
photosensitive resin as a resin layer transferred.

[0046]

Furthermore, the confrast and the transparency of the
panel can be improved since light leakage, light block or
the like disappear by forming a resin layer re-transferred

in between picture elements of liquid crystal display panel.
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[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a cross-sectional view of a liquid crystal

display panel in Embodiment 1 of the present invention.
[Fig. 2]

Fig. 2 1is a planar view of a 1liquid crystal displéyv

panel in Embodiment 1 of the present invention.
[Fig. 3]

Fig. 3 1is another cross-sectional view of a 1liquid
crystal display panel in Embodiment 1 of the present
invention.

[Fig. 4]

Fig. 4 1is a schematic diagram of a liquid crystal

display panel illustrated in Fig. 3.
[Fig. 5]

Fig. 5 is a cross-sectional view of a liquid crystal

display panel in Embodiment 2 of the present invention.
[Fig. 6]

Fig. 6 is a cross-sectional view of conventional liquid

crystal display panel.
[Fig. 7]
Fig. 7 1is a schematic <diag£an1 of conventional liquid

crystal display pahel.

[Reference Numerals]
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la: the first plat

1b: the second plate

2: ITO electrode

3: picture element electrode
5: liquid crystél

6a, 6b: resin layer

8: TFT11l light shield layer

12: spacer
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